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Transmit power control method and radio arrangement 

Field 

The invention relates to a transmit power control method and to a 
radio arrangement. 

5 Background 

In some radio systems, such as in wireless CDMA (Code Division 
Multiple Access) communications systems, fast closed loop power control is 
used to overcome the negative effects caused by slow fading and partial nega- 
tive effects caused by fast fading. The fast closed loop power control com- 

10 prises inner and outer loop power control. The outer loop power control sets a 
SIR (signal-to-interference ratio) target, while the inner loop power control de- 
termines the command of increasing or decreasing the transmit power. A SIR 
is a ratio of the power of the required signal to that of interference. The values 
of the SIR target and the received/measured SIR are used in determining the 

15 power control commands for increasing or decreasing the transmit power. The 
SIR target may be a fixed or a dynamic value. The dynamic SIR target is ad- 
vantageous over the fixed one. The method of setting a SIR target is crucial to 
the system performance. A good method of setting a SIR target reduces the 
transmit power and keeps the quality of the communication in a given level and 

20 thus increases the capacity of interference-limited wireless communications 
systems. 

Soft handover is another important feature of radio systems. User 
equipment under soft handover starts to communicate with a new base station 
and keeps the connection with the previous base station(s) when the user 

25 equipment moves to the boundary area of two or more base stations. Thus, the 
user equipment simultaneously communicates with two or more base stations 
during soft handover. 

During soft handover, the power of the user equipment is controlled 
by power control commands from all the base stations with which the user 

30 equipment is communicating. Only when the power control commands from all 
the base stations are all detected by the user equipment as 'UP' ones does the 
user equipment increase its transmtfter power. Othen^/ise, the user equipment 
reduces its transmitter power. The mechanism of uplink inner loop power con- 
trol at each BTS (Base Transceiver Station) or Node B is used under soft 

35 handover. For outer loop power control of the base stations under soft hand- 
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over different systems adopt different methods. In some systems, for example, 
all the base stations in an active set of the user equipment have the same SIR 
target for the user equipment. An RNC (Radio Network Controller) sets the 
target for all base stations in the active set of the user equipment based on the 

5 combined quality of received frames when the user equipment is under soft 
handover. However, in some systems, the outer loop power control is carried 
out independently at each BTS during soft handover and each BTS sets its 
independent SIR target based on the quality of received frames at the BTS. 

It is known that the uplink soft handover brings diversity and thus 

10 improves the system performance. Because the diversity brought by uplink soft 
handover is selection combining instead of maximum ratio combining diversity, 
the error rate performance of each link directly determines the error rate per- 
formance after combining. Therefore, the SIR target of each base station di- 
rectly determines the performance of the radio system. 

15 In some systems, the uplink outer loop power control is centralizedly 

performed at the RNC, which brings more signalling between the RNC and the 
Node B and also long feedback delays of the SIR target, the feedback delay 
being typically hundreds of milliseconds. Under uplink soft handover, outer 
loop power control is carried out at the RNC according to a method described 

20 in an article by A. Sampath, P. Sarath Kumar, J.M. Holtzman: On setting re- 
verse link target SIR in a CDMA system published in the IEEE 47^ Vehicular 
Technology Conference 1997. 

A problem occurs in systems where outer loop power control is dis- 
tributed in each base station in the following situation. It is assumed that user 

25 equipment is communicating with two base stations. The sum of the path loss 
and shadow between the user equipment and the first base station is Asiow-fading 
dB smaller than that between the user equipment and the second base station 
for a relatively long time, typically hundreds of milliseconds. The symbol Asiow- 
fading IS a slow fading difference between two links with the two base stations. 

30 The first base station is said to be a primary base station, while the second 
base station is a secondary base station. The first base station receives sig- 
nals with higher SIR values and obtains fewer error frames after decoding 
while the secondary base station receives more error frames after decoding. 
As a result, the SIR target of the secondary base station increases quickly and 

35 may always be near the predetermined maximum SIR target value. Thus, the 
received SIR value at the secondary base station is seldom above the SIR tar- 
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get value set by the outer loop power control and the secondary base station 
seldom sends a 'DOWN' command to the user equipment. Thus, the power 
control commands sent by the second base station may be of no use. 

When the secondary base station becomes a primary base station, 

5 it uses a SIR target value that is substantially higher than necessary. It takes 
some time to adjust the SIR target value to a proper level. This is a problem 
especially in the known outer loop power control method in which small step 
sizes are used to adjust downwards. During the time the SIR target value is 
being adjusted, the user equipment requests too high power. This further leads 

10 to capacity degradation. Also, when user equipment communicates simultane- 
ously with two or more base stations, the performance of the system will de- 
grade due to one or more useless power control channels. 

Brief description of the invention 

According to an embodiment of the invention, there is provided a 

15 transmit power control method in a radio system supporting a use of coding 
blocks in communication between a base station and user equipment, the 
method comprising receiving coding blocks in at least one base station having 
a target SIR (signai-to-interference ratio) value, decoding the received coding 
blocks by the base station, measuring a SIR {signal-to-interference ratio) 

20 value, comparing, by the base station, the measured SIR value with the target 
SIR value of the base station. The method includes the steps of determining 
the quality of a received coding block, storing samples of differences between 
the measured SIR value and the target SIR value, adjusting the target SIR 
value based on the values of the samples of the differences between the 

25 measured SIR value and the target SIR value and the quality of the received 
coding block, and providing a transmit power control command based on the 
adjusted target SIR value to the user equipment. 

According to another embodiment of the invention, there is provided 
a radio arrangement of transmit power control, the radio arrangement being 

30 configured to use coding blocks in communication between a transceiver and a 
receiver, and to use a target SIR (signal-to-interference ratio) value in transmit 
power control. The radio arrangement comprises decoding means for decoding 
a received coding block, measuring a SIR (signal-to-interference ratio) value 
and comparing means for comparing the measured SIR value with the target 

35 SIR value. The radio arrangement further comprises means for determining the 
quality of the received coding block, storing means for storing samples of dif- 
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ferences between the measured SIR value and the target SIR value, adjusting 
means for adjusting the target SIR value based on the values of the samples of 
the differences between the measured SIR value and the target SIR value and 
the quality of the received coding block, and means for providing a transmit 

5 power control command based on the adjusted target SIR value. 

The method and radio arrangement of the invention provide several 
advantages. For example, the power control of the radio arrangement is im- 
proved. Another advantage is that the transmit power of the user equipment is 
reduced timely and the communication quality is kept at a target level. Thus, 

10 the capacity of the radio arrangement supporting uplink fast closed loop power 
control and uplink soft handover is increased. 

List of drawings 

In the following, the invention will be described in greater detail with 
reference to the preferred embodiments and the accompanying drawings, in 
15 which 

Figure 1 is a simplified block diagram Illustrating the structure of a 
radio system which may be employed in an embodiment of the invention; 

Figure 2 shows a simplified outline of an embodiment of the present 

invention; 

20 Figure 3 shows a time evolution of parameters associated with data 

transfer; and 

Figure 4 shows an example of the method of transmit power control 
in a radio arrangement according to an embodiment of the invention. 

Description of embodiments 

25 Figure 1 illustrates an example of a radio system to whicin the em- 

bodiments of the invention can be applied. A radio system in Figure 1, known 
at least as UTRAN [UMTS (Universal Mobile Telecommunications System) 
Terrestrial Radio Access Network] 130, is taken as an example. The UTRAN 
belongs to the third generation and is implemented with WCDMA (Wideband 

30 Code Division Multiple Access) technology. The solution is not limited to a 
WCDMA radio interface but applications exist which are implemented with 
cdma2000, MC-CDMA (Multi-Carrier Code Division Multiple Access) or OF- 
DMA (Orthogonal Frequency Division Multiple Access) technologies without 
restricting the invention to the above-mentioned technologies. 
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Figure 1 is a simplified block diagram which shows the most impor- 
tant parts of a radio system and the interfaces between them at a network- 
element level. The structure and functions of the network elements are not de- 
scribed in detail, because they are generally known. 

5 The main parts of a radio system are a core network (CN) 100, a 

radio access network 130 and user equipment (UE) 170. The term UTRAN is 
short for UMTS Terrestrial Radio Access Network, i.e. the radio access net- 
work 130 belongs to the third generation and is implemented by wideband 
code division multiple access (WCDMA) technology. The main elements of the 

10 UTRAN are radio network controller (RNC) 146, 156. Node Bs 142, 144, 152, 
154 and user equipment 170. The UTRAN is attached to the existing GSM 
core network 100 via an interface called lu. This interface is supported by the 
RNC 146, 156, which manages a set of base stations called Node Bs 142, 
144, 152, 154 through interfaces called lub. The UTRAN is largely autonomous 

15 from the core network 100 since the RNCs 146. 156 are interconnected by the 
lur interface. 

On a general level, the radio system can also be defined to com- 
prise user equipment also known as a subscriber terminal and a mobile phone, 
for instance, and a network part which comprises the fixed infrastructure of the 
20 radio system, i.e. the core network, radio access network and base station sys- 
tem. 

From the point of view of Node B 142, 144, 152, 154. i.e. a base 
station, there is one controlling RNC 146, 156 where its lub interface termi- 
nates. The controlling RNC 146, 156 also takes care of admission control for 
25 new mobiles or services attempting to use the Node B 142, 144. 152, 154. 
The controlling RNC 146. 156 and its Node Bs 142, 144, 152, 154 form an 
RNS (Radio Network Subsystem) 140, 150. 

The user equipment 170 may comprise mobile equipment (ME) 
172 and a UMTS subscriber identity module (USIM) 174. The USIM 174 con- 
30 tains information related to the user and information related to information se- 
curity in particular, for instance, an encryption algorithm. 

In UMTS networks, the user equipment 170 can be simultaneously 
connected to a plurality of Node Bs in the occurrence of soft handover. 

From point of view of the user equipment 170 there is a serving 
35 RNC 146. 156 that terminates the mobile link layer communications. From the 
point of view of the CN 100, the serving RNC 146, 156 terminates the lu for 
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this user equipment 170. The serving RNC 146, 156 also takes care of admis- 
sion con-trol for new mobiles or services attempting to use the CN 100 over its 
lu inter-face. 

In the UMTS, the most important interfaces between network ele- 

5 ments are the lu interface between the CU 100 and the radio access network 
130, which is divided into the interface luCS on the circuit-switched side and 
the interface luPS on the packet-switched side, and the Uu interface between 
the radio access network and the user equipment. 

In the prior art solutions, under uplink soft handover, outer loop 

10 power control in some systems is carried out at the RNC 146, 156. It is as- 
sumed that the target FER (Frame Error Rate) of the connection is FERtarget. A 
FER is a ratio of the number of erroneous frames to the total number of frames 
transmitted in a given time interval. When a frame is in error after having been 
combined at the RNC, the SIR target increases by Aolpc-up. the symbol Aqlpc- 

15 UP denoting SIR target up step of outer loop power control. Otherwise, the SIR 
target decreases by Aolpc -DOWN, where Aqlpc-down denotes SIR target down 
step of outer loop power control. The RNC then feedbacks the SIR target to 
Node B. The Aqlpc-down may be calculated by dividing the value of the SIR 
target up step of outer loop power control by the inverse value of the FER mi- 

20 nus one by using formula (1 ): 

where: 

25 AoLPc-DowN is the SIR target down step of outer loop power control, 

AoLPc-up is the SIR target up step of outer loop power control, and 
FERtarget IS the target frame error rate. 

In prior art solutions, the uplink outer loop power control of some 
30 systems may be carried out in the following way during uplink soft handover. It 
is assumed that the target FER of the connection is FERtarget and the user 
equipment is connecting m base stations. Each BTS has its independent SIR 
target and outer loop power control. When a frame is decoded in error at the 
BTS, the SIR target of the BTS increases by Aolpc-up. Otherwise, the SIR tar- 
35 get of the BTS decreases by Aolpc-down, where the Aolpc-down may be calcu- 
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lated by dividing the value of the SIR target up step of outer loop power control 
by the inverse value of the rh^ root of FER target minus one by using formula 
(2): 



A _ ^ OLPC _ UP j^x 
^OLPC DOWN •* . . / . V^/ 



where: 

m is the number of base stations with which the user equipment is 
communicating. 

10 

In an embodiment of the invention, the balance between the target 
SIR values from the outer-loop power control distributed in the cells is kept by 
interfering in the steps of prior art when for a period the target SIR value is 
much larger than the measured SIR target. 

15 Figure 2 shows a simplified outline of an embodiment of the present 

invention. In Figure 2. a transmitter 200 transmits a dedicated channel 226. 
which is received by a receiver 216. The dedicated channel is typically dedi- 
cated to a single transmitter-receiver pair, and may be separated from other 
radio channels by a specific channelization coding. The dedicated channel 

20 may further be associated with a specific antenna beam, which may be a 
transmit antenna beam or a receive antenna beam, depending on the antenna 
configuration of the receiver 216 and the transmitter 200. 

In the UTRAN, the dedicated channel 226 may be an uplink dedi- 
cated physical channel, such as a DPDCH (Dedicated Physical Data Channel), 

25 and DPCCH (Dedicated Physical Control Channel), for example. In the UT- 
RAN, the dedicated channel 226 may be a downlink dedicated physical chan- 
nel, such as a DPCH (Downlink Dedicated Physical Channel). In an embodi- 
ment of the invention, the transmitter 200 may be user equipment 170, and the 
receiver 216 may be a base station 142, for example. 

30 The dedicated channel 226 is received by the receiver 216. which 

measures a SIR (Signal-to-interference Ratio) value in a SIR measurement 
unit 220. The SIR value measurement and the SIR measurement unit 220 are 
known to one skilled in the art. The SIR value characterizes the signal quality 
obtained with a direct measurement. 
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In an embodiment of the invention, the arrangement 234 further in- 
cludes an adjusting unit 236. A measured SIR value 228 is inputted from the 
SIR measurement unit 220 into a comparator unit 222, which compares the 
measured SIR value with a target SIR value 250 received from the adjusting 
5 unit 236. The target SIR value provides a reference SIR value for closed loop 
power control. 

The comparator 222 provides differences between the measured 
SIR and the SIR target values 249 to the adjusting unit 236 and generates a 
transmit power control command 230 (TPC) based on the comparison and i n- 

10 puts the transmit power control command into a multiplexer 224. For example, 
if the measured SIR value is less than the target SIR value, the transmit power 
control command aims at increasing the transmit power. If the measured SIR 
value is more than the target SIR value, the transmit power control command 
aims at decreasing the transmit power. 

15 The multiplexer 224 multiplexes the transmit power control com- 

mand into a physical channel 232, such as the DPCH or uplink DPCCH, and 
provides the receiver 200 with the transmit power control command. The 
physical channel 232 may further transfer a payload signal 252 inputted into 
the multiplexer 224. The receiver 200 may include a de-multiplexer 208, which 

20 extracts the transmit power control command from the physical channel 232, 
and provides the power amplifier 202 with the transmit power control command 
212. 

The invention is not restricted to the presented example but may be 
applied to any power control mechanism that supports fast power control 
25 wherein a target SIR value is used as a reference value. 

Coding blocks, such as frames, of the dedicated channel 226 may 
be decoded in a decoder 218. The decoder 218 may report an error indicator 
value 248 to the adjustment unit 236. The error indicator typically characterizes 
a quality of data transfer carried by the dedicated channel. The reliability indi- 
30 cator may be a result from a CRC (Cyclic Redundancy Check), estimated BER 
(Bit Error Rate), soft information, or EJNq (a ratio of the combined received 
energy per information bit to the noise power spectral density), EJNq (a ratio of 
the combined received energy per information bit to the effective noise power 
spectral density), for example. The error Indicator value typically indicates er- 
as roneous or correct decoding of a coding block decoded in the decoder 21 8. 



9 



With reference to Figure 3, let us consider an example of time evo- 
lution of parameters associated with data transfer. The x-axis 300 shows time 
in arbitrary scale. The y-axis 320 shows a target SIR in arbitrary scales. 

Transmission of the dedicated channel 226 may be divided into a 
5 first TX time interval 302 and a second TX time interval 304. Further time inter- 
vals may exist, but they are not shown in Figure 3. 

A first coding block 308 is transmitted during the first TX time inter- 
val 302 and a second coding block 310 is transmitted during the second TX 
time interval 304. The second TX time interval 304 is transmitted before the 
10 first TX time interval 304. 

A coding block 308, 310 may be a frame structure, such as a radio 
frame. In the UTRAN, for example, the duration of a TX time interval 302. 304 
is typically a multiple of the duration of a 10 milliseconds radio frame. 

The first coding block 308 and the second coding block 310 may be 
15 divided into time slots 308A, 308B, 308C and 31 OA, 31 OB. 31 OC, respectively. 
In the UTRAN, a coding block 308, 310 includes 15 time slots, each time slot 
corresponding to an inner loop power control period. 

The adjusting unit 236 adjusts the target SIR 250 and inputs the 
target SIR 250 into the comparator 222. As a result, the inner loop of the 
20 closed-loop power control converges to a transmit power, thus enabling mini- 
mizing the multi-user interference effects and increasing the capacity of the 
telecommunications system. The adjusting unit 236 may be implemented with 
a computer and software, and required interfaces and connections to the re- 
ceiver 216. The computer may include random access memory. 
25 The equations and the quantities herein are typically expressed in 

dS units. However, it is clear to one skilled in the art to convert the equations 
into other units. 

In an embodiment of the invention, the adjusting unit 236 adjusts 
the target SIR value to provide a required quality of the dedicated channel. The 

30 required quality may be a target FER (Frame Error Rate) or another quality 
measure characterizing the true quality of the data transfer. The adjusting unit 
236 may, for example, include a look-up table including target SIR values for 
different required qualities of the dedicated channel. For example, there are 
target FER values FERtarget =5% and FERtarget =1% corresponding to the re- 

35 quired quality of transmission of a video signal and transmission of an electric 
mail file. Therefore, there may be a look-up table for each target FER value. 
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and as a result, the target SIR value is different in the two cases, thus leading 
to different transmit power requirements. 

In an embodiment of the invention, the adjusting unit 236 estimates 
a change 318 in a required SIR with respect to a change from a second data 
5 rate 322 to the first data rate 306. The required SIR is defined, for example, by 
the target FER. The target SIR 314, which matches the first data rate 306, may 
be obtained by subtracting the change 318 in the required SIR from the target 
SIR 316, which matches the second data rate 322. 

In an embodiment of the invention, the radio arrangement stores 

10 samples of differences between the measured SIR value and the target SIR 
value 249. Next, the adjusting unit 236 adjusts the target SIR value based on 
the values of the samples of the differences between the measured SIR value 
and the target SIR value 249 and the quality of a received coding block. Fi- 
nally, a transmit power control command is provided based on the adjusted 

15 target SIR value. The arrangement 234 may be in the receiver 216, or it may 
be separate from the receiver 216. 

In an embodiment of the invention, the adjustment unit 236 is con- 
figured to adjust the target SIR value by reducing the target SIR value by a 
predetermined down step when the decoding of the received coding block suc- 

20 ceeds and the difference between the measured SIR value and the SIR target 
value is smaller than the threshold that is defined for the measured SIR value 
minus the target SIR value for the fraction of time slots of the coding blocks. 
Accordingly, the adjustment unit 236 may be configured to reduce the target 
SIR value by a predetermined down step when the decoding of the received 

25 coding block succeeds and the sum of the multiple differences between the 
measured SIR value and the target SIR value is smaller than the negative 
value threshold that is defined for the measured SIR value minus the target 
SIR value. The adjusted target SIR value is limited not to be smaller than a 
local minimum target SIR value. 

30 In an embodiment, a target SIR value up step is added to the target 

SIR value when the decoding of the received coding block fails and the differ- 
ence between the measured SIR value and the SIR target value is smaller 
than the threshold for the measured SIR value minus the target SIR value for 
the fraction of time slots of the coding blocks. Further, the adjustment unit 236 

35 may be configured to add a target SIR value up step to the target SIR value 
when the decoding of the received coding block fails and the sum of the multi- 
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pie differences between the measured SIR value and the target SIR value is 
smaller than the negative-value threshold that is defined for the measured SIR 
value minus the target SIR value. The target SIR value up step may be either 
negative, positive or zero. The adjusted target SIR value is limited not to be 

5 smaller than a local minimum target SIR value and not to be larger than a local 
maximum target SIR value. 

In an embodiment of the invention, when the decoding of the re- 
ceived coding block succeeds, the adjustment unit 236 is configured to adjust 
the target SIR value by reducing the target SIR value by a predetermined down 

10 step of outer loop power control when the difference between the measured 
SIR value and the SIR target is larger than the threshold that is defined for the 
measured SIR value minus the target SIR value for the fraction of time slots of 
the coding blocks. Accordingly, the adjustment unit 236 may be configured to 
reduce a predetermined down step of outer loop power control from the target 

15 SIR value when the decoding of the received coding block succeeds and the 
sum of the multiple differences between the measured SIR value and the tar- 
get SIR value is larger than the negative value threshold that is defined for the 
measured SIR value minus the target SIR value. The adjusted target SIR value 
is limited not to be smaller than a global minimum target SIR value. 

20 In an embodiment, a target SIR up step of outer loop power control 

is added to the target SIR value when the decoding of the received coding 
block fails and the difference between the measured SIR value and the SIR 
target is larger than the threshold for the measured SIR value minus target SIR 
value for the fraction of time slots of the coding blocks. Further, the adjustment 

25 unit 236 may be configured to add a target SIR value up step to the target SIR 
value when the decoding of the received coding block fails and the sum of the 
multiple differences between the measured SIR value and target SIR value is 
larger than the negative value threshold that is defined for the measured SIR 
value minus the target SIR value. The adjusted target SIR value is limited not 

30 to be larger than a global maximum target SIR value. 

Figure 4 shows an example of a method of transmit power control in 
a radio system. The method starts in 400. In 402, a coding block is received 
and decoded in at least one base station of the radio system, for example. In 
404. the SIR value is measured. In 406, the measured SIR value is compared 

35 with the target SIR value of the base station. In 408, the quality of the received 
coding block is determined. Samples of differences between the measured SIR 
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values and the target SIR values are stored in 410. In 412. the target SIR value 
of the base station is adjusted based on the stored differences between the 
measured SIR values and the target SIR values and on the quality of the cod- 
ing blocks. Next, step 412 is next described in more detail. 

5 Let us assume that a base station of the radio system is under an 

uplink soft handover situation. The base station compares the measured SIR 
value with the target SIR value and then stores samples, for example N sam- 
ples, of differences between the measured SIR values of the latest N power 
control groups (or slots) and the target SIR values of the latest N power control 

10 groups (or slots). N is a positive integer, a system parameter. Herein, SIRtar- 
get(i-l) and SIRtarget(i) denote the target SIR values (in dB) for the (i-l)th and 
(i)th coding blocks at the base station, respectively. Each base station in the 
user equipnient active set has its independent target SIR value, SIRtarget(i)> that 
is based on SIRtarget(i-l). quality of the (i-J)th coding block and the values of 

15 the N samples AsiR(n)dB, where n=1,...,N. The embodiments of the invention 
may be divided into hard decision and soft decision ones. The hard-decision 
method may be implemented as follows. 

Let us assume that K is the number of N samples, AsiR(n). that sat- 
isfy a condition of AsiR(n) being smaller than a threshold that is defined for the 

20 measured SIR value minus the target SIR value, t. We denote this in the 
following way: AsiR(n) < t. When adjusting the target SIR value, it is first de- 
tected whether K is higher than or equal to the product of N and a fraction 
threshold of the slots, f, that is. whether K>[_N' /J and using the operator of 

L J results in the larger integral whose value is smaller than the processed real 

25 number. Let us assume that J-1 is the decoding delay whose value depends 

on the implementation of the decoder. 

\i K >In ' f ] and the (i-J)th coding block is decoded correctly, , and 

SIRtarget(i-l) - Ai > SIRi. it Can be determined that SIRtarget(i) = SIRtafget(i-l) - 
Ai; 

30 Else, \f K>\^N'f} and the (i-J)th coding block is decoded correctly 

and SIRtarget(i-1 ) - Ai < SIRi, then SIRtarget(i) = SIRi; 

Else, if K>\^N'f] and the (i-J)th coding block is decoded in error, 

and SIRtarget^max ^ SIRtarget(i-1 ) + A2 > SIR2. then SIRiarget(i) = SIRtarget(i-1 ) + A2; 

Else, if K >[^N 'f j and the (i-J)th coding block is decoded in error 

35 and SIRtarget(i-l) + A2> SIRtargeCmaxi then SIRtarget(i) = SlRtargeL-maxI 
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Else, if K>\^N'f} and the (i-J)th coding block is decoded in error 

and SIRtarget(i-1 ) + A2 < SIR2, then SIRtarget(i) = SIR2; 

Else, if K <lN^f} and the (i-J)th coding block is decoded in error 

and SIRtarget(i-l) + AOLPC-UP ^ SIRtarget^max, then SIRtarget(i) = SIRtarget(i-1 ) + 

5 AoLPC-up; 

Else, if a:<La^ /J and the (i-J)th coding block is decoded in error 

and SIRtarget(i-l) + AoLPC-UP> SIRtarget_max, then SIRtarget(i) = S I Rtarget_max; 

Else, if SIRtarget{i-1) - AoLPC-DOWN ^ SIRtarget_min, then SIRtarget(i) = 
SIRtarget(i-l) - AolPC-DOWN; 
10 Else, SIRtarget(i) = SIRtargeL.min. 

The parameters used in the above example are as follows: 
AoLPC-up is a SIR target up step of outer loop power control, 
AoLPc-DowN is a SIR target down step of outer loop power control, 
SIRtarget_max is 3 global maximum SIR target value, 
15 SIRtarget_min is 3 global minimum SIR target value, 

t is a threshold that is defined for the measured SIR value minus the 
target SIR value, 

f is the fraction threshold of the slots in which the measured SIR 
value minus the target SIR value is smaller than the threshold, t, 
20 SIR1 is the local minimum target SIR value when the coding block is 

decoded correctly and the measured SIR value (in dB) is t dB smaller than the 
target SIR value (in dB) for the fraction f of slots, 

SIR2 is the local minimum target SIR value when the coding block is 
decoded in error and the measured SIR value (in dB) is t dB smaller than the 
25 target SIR value (in dB) for the fraction f of slots. 

Ai is the SIR target down step when the coding block is decoded 
correctly and the measured SIR value (in dB) is t dB smaller than the target 
SIR value (in dB) for the fraction f of slots, 

A2 is the SIR target up step when the coding block is decoded in er- 
30 ror and the measured SIR value (in dB) is t dB smaller than the target SIR 
value (in dB) for the fraction f of slots. 

The ranges of the given parameters may be as follows: t < 0, 1 > f > 

0, Ai > 0, AoLPC-UP > 0, AoLPC-DOWN > 0, SIRtarget_max ^ SIRi > SIRtarget_min and 
SIRtargeL_max ^ SIR2 ^ SIRtargeCmln- The range Of A2 IS, for example, AoLPC-UP ^ 
35 A2^-Ai. 
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In an embodiment of the invention, when the coding block is de- 
coded con-ectly and the measured SIR value is t dB smaller than the target SIR 
value for the fraction f of slots, the target SIR value is too high and the power 
of the soft handover user is controlled by another base station and the power 
5 control bits generated by this base station are of no use. Thus, the target SIR 
value should be reduced by the step Ai, which is larger than Aolpc-down. 

In an embodiment of the invention, when the coding block is de- 
coded in error and the measured SIR value is t dB smaller than the target SIR 
value for the fraction f of slots, it is uncertain whether or not the target SIR 
10 value is too high. Thus, the target SIR value may be updated by step A2, which 
is either negative (progressive), positive (conservative) or zero (neutral). If step 
A2 is zero, the target SIR value may be unchanged. 

Next, an embodiment of the soft decision method is described. The 

N 

soft-decision method uses the sum of AsiR(n), ^Asi^in), for adjusting the tar- 
15 get SIR value. 

N 

If ~t and the (i-J)th coding block is decoded correctly, and 

SIRtarget(i-l) - Ai 2r SIR1. it Can be determined that SIRtarget(i) = SIRtarget(i-l) - 

Else, if ^^sjrM ^ t (i-J)th coding block is decoded cor- 

20 rectly and SIRtarget(i-l) - Ai < SIR1, then SIRtarget(i) = SIR1; 

Else, if ^Asjjiin) < t and the (i-J)th coding block is decoded in error, 

and SIRtarget-max ^ SIRtarget(i-1 ) + A2 ^ SIR2. then SIRtarget(i) = SIRtarget(i-1 ) + A2; 

Else, if ^Asjuin) < t and the (i-J)th coding block is decoded in error 

and SIRtarget(i-l) + A2> SIRtarget^max, then SIRtarget(i) = S I RtargeUmax; 

25 Else, if ^Asj^irt) ^ t and the (i-J)th coding block is decoded in error 

and SIRtargetO-l) + A2< SIR2, then SIRtarget(i) = SIR2: 

Else, if ^AsjkM > t and the (i-J)th coding block is decoded in error 

/!=! 

and SIRtarget(i-l) + AoLPC-UP ^ SIRtarget_max. then SIRtarget(i) = SIRtarget(i-1 ) + 
AoLPC-UP; 



15 



Else, if ^^sjrM ^ t (i-J)th coding block is decoded in error 

n=l 

and SIRtarget(i-l) + AoLPC.UP> SIRtargeCmax, then SIRtarget(i) = SIRtarget^max; 

Else, if SIRtarget(i-l) " AoLPC-DOWN ^ SIRtarget_mln, then SIRtarget(i) = 
SIRtarget(i-l) - AolPC-DOWN; 
5 Else, SIRtarget(i) — SIRtargeL_min- 

The parameters used in the above example are as follows: 
AoLPc-up is a SIR target up step of outer loop power control, 
AoLPc-DowN is a SIR target down step of outer loop power control, 
SIRtarget_max IS B global maximum SIR target value, 
10 SIRtargeumin is 3 global minimum SIR target value, 

t is a threshold that is defined for the measured SIR value minus the 
target SIR value, 

SIRi is the local minimum target SIR value when the coding block is 
decoded correctly and the sum of the N samples of the differences between 
15 the measured SIR value (in dB) and the target SIR value (in dB) is smaller than 
the negative-value threshold of t dB, 

SIR2 is the local minimum target SIR value when the coding block is 
decoded in error and the sum of the N samples of the differences between the 
measured SIR value (in dB) and the target SIR value (in dB) is smaller than the 
20 negative-value threshold of tdB, 

Ai is the SIR target down step when the coding block is decoded 
correctly and the sum of the N samples of the differences between the meas- 
ured SIR value (in dB) and the target SIR value (in dB) is smaller than the 
negative-value threshold oft dB, 
25 A2 is the SIR target up step when the coding block is decoded in er- 

ror and the sum of the N samples of the differences between the measured 
SIR value (in dB) and the target SIR value (in dB) is smaller than the negative 
value threshold of t dB. 

The ranges of the given parameters are, for example, as follows: t s 

30 0, Ai > 0, AoLPC-UP > 0, AoLPC-DOWN > 0, SIRtargeL_max ^ SIRi ^ SIRtarget_min and 
SIRtarget_max ^ SIR2 ^ SIRtarget_min. The range Of A2 IS, for example, AoLPC-UP ^ 

A2^- Ai. 

In an embodiment of the invention, when the coding block is de- 
coded correctly and the sum of the differences between the measured SIR 
35 value (in dB) and the target SIR value (in dB) is smaller than the negative- 
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value threshold of t dB, the target SIR is too high and the power of the soft 
handover user is controlled by another base station and the power control bits 
generated by this base station are of no use. Thus, the target SIR value should 
be reduced by step Ai, which is larger than Aqlpc-down. 

5 In the embodiment of the invention, when the coding block is de- 

coded in error and the sum of the N samples of the differences between the 
measured SIR value (in dB) and the target SIR (in dB) is smaller than the 
negative value threshold of t dB, it is uncertain whether or not the target SIR 
value is too high. Thus, the target SIR value may be updated by step A2. which 

10 is either negative (progressive), positive (conservative) or zero (neutral). 

In an embodiment of the invention, the method may be used in as- 
sociation with Hybrid ARQ (Automatic Repeat reQuest). Let us assume that a 
base station of a radio system is under uplink soft handover situation. The 
base station compares the measured SIR value with the target SIR value and 

15 then stores samples, for example N samples, of the differences between the 
measured SIR values of the latest N power control groups (or slots) and the 
target SIR values of the latest N power control groups (or slots) in an initial Hy- 
brid ARQ transmission frame. N is a positive integer, a system parameter. 
Herein, SIRtarget(i) denotes the target SIR value (in dB) for the (i)th coding block 

20 at the base station. SIRtargetjnu is the last target SIR value (in dB) for initial Hy- 
brid ARQ transmissions. Each base station in the active set of the user equip- 
ment has its independent target SIR value, SIRtargeto). that is based on SIRtar- 
getjnit, quality of decoding of the (i-J)th coding block and the values of the N 
samples ASIR(n)dB, where n=1 N and the (i-J)th coding block is initial Hy- 

25 brid ARQ transmission. The embodiments of the invention may be divided into 
hard-decision and soft-decision ones. The hard-decision method may be im- 
plemented as follows. 

Let us assume, that K is the number of N samples, AsiR(n), that sat- 
isfy a condition of AsiR(n) being smaller than a threshold that is defined for the 

30 measured SIR value minus the target SIR value, t. We will denote this in the 
following way: AsiR(n) < t. When adjusting the target SIR value, it is first de- 
tected whether K is higher or the same than the product of N and a fraction 
threshold of the slots, f. that is, whether a: >[// /J and using the operator of 
[ J results in a larger integral whose value is smaller than the processed real 

35 number. Let us assume, that J-1 is the decoding delay whose value depends 
on the implementation of the decoder. 
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If the (i)th coding block is a (L)**^ retransmission coding block, SIRtar- 

get(i) =SIRtargetJnit~ StepL. 

Else, if a: > [iV /J and the (i-J)th coding block is decoded correctly. 

and SIRtarget(i-l) - A1 > SIR1. then it can be determined that SIRtarget(i) = SIRtar- 
5 get(i-1)-Ai; 

Else, if K>lN'f} and the (i-J)th coding block is decoded correctly, 

and SIRtarget(i-l) - Al < SIR1, then SIRtarget(i) = SIR1; 

Else, if K>[^N f} and the (i-J)th coding block is decoded in error 

and SIRtargeLmax^ SiRtarget(i-l) + A2 > SIR2. then SIRtarget(i) = SIRtarget(i-1 ) + Azi 

10 Else, if K>[^N f] and the (i-J)th coding block is decoded in error 

and SIRtarget(i-l) + A2> SIRtargeLmax. then SIRtarget(i) = SIRtarget_maxI 

Else, if K >[^N-f] and the (i-J)th coding block is decoded in error 

and SIRtarget(i-l) + A2< SIR2, then SIRtarget(i) = SIR2; 

Else, if a: <L^ /J and the (i-J)th coding block is decoded in error 

15 and SIRtarget(i-l) + AoLPC-UP S SIRtargeLmax. then SIRtarget(i) = SIRtargetO"! ) + 

Aolpc-upI 

Else, if K <\^N'f] and the (i-J)th coding block is decoded in error 

and SIRtarget(i-l) + AoLPC-yP > SIRtarget_max, then SIRtarget(i) = SIRtarget_max', 

Else, if SIRtarget(i-l) ' AoLPC-DOWN ^ SIRtargeLmin. then SIRtarget(i) = SIR- 
20 target(i-l) - AolPC-DOWN; 

Else, SIRtarget(i) — SIRtarget_min- 

The parameters used in the above example are as follows: 
Stept is the amount in decrease in the SIR target of the retransmis- 
sion, and L is an ordinal number denoting the index of retransmission, 
25 AoLPc-up is a SIR target up step of outer loop power control, 

AoLPc-DowN is a SIR target down step of outer loop power control, 
SIRiargeLmax is a global maximum SIR target value, 
SIRtarget_min is a global minimum SIR target value, 
t is a threshold that is defined for the measured SIR value minus the 
30 target SIR value, 

f is the fraction threshold of the slots, in which the measured SIR 
value minus the target SIR value is smaller than the threshold, t, 

SIR1 is the local minimum target SIR value when the coding block is 
decoded correctly and the measured SIR value (in dB) is t dB smaller than the 
35 target SIR value (in dB) for the fraction of slots. 
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SIR2 is the local minimum target SIR value when the coding block is 
decoded in error and the measured SIR value (in dB) is t dB smaller than the 
target SIR value (in dB) for the fraction of slots, 

Ai is the SIR target down step when the coding block is decoded 
5 correctly and the measured SIR value (in dB) is t dB smaller than the target 
SIR value (in dB) for the fraction f of slots, 

A2 is the SIR target up step when the coding block is decoded in er- 
ror and the measured SIR value (in dB) is t dB smaller than the target SIR 
value (in dB) for the fraction f of slots. 
10 The ranges of the given parameters may be as follows: t ^ 0, 1 ^ f > 

0, Ai ^ 0, /ioLPC-UP > 0, AoLPC-DOWN > 0, SIRtarget_max ^ SIRi ^ SIRtargeU.mm and 
SIRtarget_max ^ SIR2 ^ SIRtarget_min. The range Of A2 iS, for example, AoLPC-UP ^ 

A2^- Ai. 

In an embodiment of the invention, when the coding block is de- 
15 coded correctly and the measured SIR value is t dB smaller than the target SIR 
value for the fraction f of slots, the target SIR value is too high and the power 
of the soft handover user is controlled by another base station and the power 
control bits generated by this base station are of no use. Thus, the target SIR 
value should be reduced by step Ai, which is larger than Aqlpc-down- 
20 In an embodiment of the invention, when the coding block is de- 

coded in error and the measured SIR value is t dB smaller than the target. SIR 
value for the fraction f of slots, it is uncertain whether the target SIR value is 
too high or not. Thus, the target SIR value may be updated by step A2, which is 
either negative (progressive), positive (conservative) or zero (neutral). If step 
25 A2 is zero, then the target SIR value may be unchanged. 

Next, an embodiment of the soft-decision method is described. The 

soft-decision method uses the sum of AsiR(n), adjusting the tar- 

get SIR value. 

If the (i)th coding block is a (L)^ retransmission coding block. SIRtar- 

30 get(i) = SIRtargetJnit- Stepu- 

N 

Else, if - t and the (i-J)th coding block is decoded cor- 

rectly, and SIRtarget(i-l) - Ai ^ SIR1. then it can be determined that SIRiarget(i) = 

SIRtarget(i-l)- Ai; 
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Else, if ^Asjiiin) < t and the (i-J)th coding block is decoded cor- 
nel 

rectly, and SIRtarget(i-1 ) - Ai < SIRi, then SIRtarget(i) = SIRi; 

Else, if ^Asjjiin) ^ t and the (l-J)th coding block is decoded in en^or. 

and SIRtarget.max ^ SIRtarget(i-1 ) + A2 ^ SIR2, then SlRtarget(i) = SIRtarget(i-1 ) + A2; 

N 

5 Else, if ^A^ji{n)< t and the (i-J)th coding block is decoded In error, 

and SIRtarget(i-l) + A2 > SIRtargeLmax, then SIRtarget(i) = S I RtargeLmax; 

N 

Else, if ^^sirM - 1 3nd the (i-J)th coding block is decoded in error, 

and SIRtarget(i-l) + A2< SIR2, then SlRtarget(i) = SIR2; 

N 

Else, if ^Asjuin) > t and the (i-J)th coding block is decoded In error, 

10 and SIRtarget(i-l) + AoLPCUP ^ SIRtarget.max, then SIRtarget(i) = SIRtarget(i-l) + 

AoLPC-up; 

N 

Else, if ^ * (i-J)th coding block is decoded in error, 

" n=\ 

and SIRtarget(i-l) + AoLPC-UP > SIRtarget_max, then SIRtarget(i) = SIRtarget_max; 

Else, if SIRtarget(i-l) - AqlPC -DOWN ^ SIRtarget_min, then SIRtarget(i) - SIR- 
1 5 target(i " 1 ) - AoLPC-DOWN; 

Else, SIRtarget(i) = SIRtarget. min- 

The parameters used in the above example are as follows: 
Stepi is the amount in decrease in the SIR target of the retransmis- 
sion, and L is an ordinal number denoting the index of retransmission, 
20 AoLPc-up is a SIR target up step of outer loop power control, 

AoLPc-DowN is a SIR target down step of outer loop power control. 
SlRtarget_max is 3 global maximum SIR target value, 
SIRtarget.min is a global minimum SIR target value, 
t is a threshold that is defined for the measured SIR value minus the 
25 target SIR value, 

SIR1 is the local minimum target SIR value when the coding block is 
decoded correctly and the sum of the N samples of the differences between 
the measured SIR value (in dB) and the target SIR value (in dB) is smaller than, 
the negative value threshold of t dB, 
30 SIR2 is the local minimum tiarget SIR value when the coding block is 

decoded correctly and the sum of the N samples of the differences between 
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the measured SIR value (in dB) and the target SIR value (in dB) is smaller than 
the negative value threshold of t dB, 

Ai is the SIR target down step when the coding block is decoded 
correctly and the sum of the N samples of the differences between the meas- 
5 ured SIR value (in dB) and the target SIR value (in dB) is smaller than the 
negative value threshold of t dB, 

A2 is the SIR target up step when the coding block is decoded in er- 
ror and the sum of the N samples of the differences between the measured 
SIR value (in dB) and the target SIR value (in dB) is smaller than the negative 
10 value threshold of t dB. 

The ranges of the given parameters are, for example: t < 0, Ai ^ 0. 

AoLPC-UP > 0, AoLPC-DOWN > 0, SIRtarget„max ^ SIRi ^ SIRtargeL-min and SIRtarget^max 

^ SIR2 ^ SIRtargeL_min. The range of A2 is, for example, Aolpc-up ^ A2^ - Ai. 

In an embodiment of the invention, when the coding block is de- 

15 coded correctly and the sum of the differences between the measured SIR 
value (in dB) and the target SIR value (in dB) is smaller than the negative 
value threshold of t dB, the target SIR is too high and the power of the soft 
handover user is controlled by another base station and the power control bits 
generated by this base station are of no use. Thus, the target SIR value should 

20 be reduced by step AI , which is larger than Aolpc-down. 

In the embodiment of the invention, when the coding block is de- 
coded in error and the sum of the N samples of the differences between the 
measured SIR value (in dB) and the target SIR (in dB) is smaller than the 
negative value threshold of t dB, it is uncertain whether the target SIR value is 

25 too high or not. Thus, the target SIR value may be updated by step A2, which 
is either negative (progressive), positive (conservative) or zero (neutral). 

After adjusting the target SIR value in 412, the process enters step 
414, where the transmit power control command is provided to the user 
equipment. The embodiment of the method ends in 416. 

30 In an embodiment of the invention, the method may be used in soft- 

handover, for example. Thus, a distributed outer loop power control without 
SIR value imbalance between primary and secondary base stations is pro- 
vided. Such outer loop power control may serve both soft handover and non- 
soft handover users. 

35 Even though the invention has been described above with reference 

to an example according to the accompanying drawings, it is clear that the in- 
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vention is not restricted thereto but can be modified in several ways associated 
with data rate control within the scope of the appended claims. 
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L3 

Claims 

1. A transmit power control method in a radio system supporting a 
use of coding blocks in communication between a base station and user equip- 
ment, the method comprising receiving coding blocks in at least one base 

5 station having a target SIR (signal-to-interference ratio) value, decoding the 
received coding blocks by the base station, measuring a SIR (signal-to- 
interference ratio) value, comparing, by the base station, the measured SIR 
value with the target SIR value of the base station, characterized by: 
determining the quality of a received coding block; 

10 storing samples of differences between the measured SIR value 

and the target SIR value; 

adjusting the target SIR value based on the values of the samples of 
the differences between the measured SIR value and the target SIR value and 
the quality of the received coding block; and 

15 providing a transmit power control command based on the adjusted 

target SIR value to the user equipment, 

2. The method of claim 1, characterized by adjusting the 
target SIR value by reducing the target SIR value by a predetermined down 
step when the decoding of the received coding block succeeds and the differ- 

20 ence between the measured SIR value and the SIR target value is smaller 
than the threshold that is defined for the measured SIR value minus the target 
SIR value for the fraction of time slots, 

3. The method of claim 1, characterized by adjusting the 
target SIR value by reducing the target SIR value by a predetermined down 

25 step when the decoding of the received coding block succeeds and the sum of 
the multiple differences between the measured SIR value and the target SIR 
value is smaller than the negative value threshold that is defined for the meas- 
ured SIR value minus the target SIR value. 

4. The method of claims 2 or 3, characterized in that the ad- 
30 justed target SIR value is limited not to be smaller than a local minimum target 

SIR value, 

5. The method of claim 1, characterized by adjusting the 
target SIR value by adding a target SIR value up step to the target SIR value 
when the decoding of the received coding block fails and the difference be- 

35 tween the measured SIR value and the SIR target value is smaller than the 
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threshold that is defined for the measured SIR value minus the target SIR 
value for the fraction of time slots. 

6. The method of claim 1, characterized by adjusting the 
target SIR value by adding a target SIR value up step when the decoding of 

5 the received coding block fails and the sum of the multiple differences between 
the measured SIR value and the target SIR value is smaller than the negative 
value threshold that is defined for the measured SIR value minus the target 
SIR value. 

7. The method of claims 5 or 6, characterized In that the tar- 
10 get SIR value up step is either negative, positive or zero. 

8. The method of claims 5 or 6, characterized in that the ad- 
justed target SIR value is limited not to be smaller than a local minimum target 
SIR value and not to be larger than a local maximum target SIR value. 

9. The method of claim 1, characterized by adjusting the 
15 target SIR value by reducing the target SIR value by a predetermined target 

SIR down step of outer loop power control when the decoding of the received 
coding block succeeds and the difference between thr measured SIR value 
and the SIR target value is larger than the threshold that is defined for the 
measured SIR value minus the target SIR value for the fraction of time slots. 

20 10. The method of claim 1, characterized by adjusting the 

target SIR value by reducing the target SIR value by a predetermined target 
SIR down step of outer loop power control when the decoding of the received 
coding block succeeds and the sum of the multiple differences between the 
measured SIR value and the target SIR value is larger than the negative value 

25 threshold that is defined for the measured SIR value minus the target SIR 
value. 

1 1 . The method of claims 9 or 10, characterized in that the 
adjusted target SIR value is limited not to be smaller than a global minimum 
target SIR value. 

30 12. The method of claim 1, characterized by adjusting the 

target SIR value by adding a target SIR up step of outer loop power control to 
the target SIR value when the decoding of the received coding block fails and 
the difference between the measured SIR value and the SIR target is larger 
than the threshold that is defined forthe measured SIR value minus the target 

35 SIR vailue for the fraction of tirhe slots. 
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1 3. The method of claim 1, characterized by adjusting the 
target SIR value by adding a target SIR up step of outer loop power control to 
the target SIR value when the decoding of the received coding block fails and 
the sum of the multiple differences between the measured SIR value and the 

5 target SIR value is smaller than the negative value threshold that is defined for 
the measured SIR value minus the target SIR value. 

14. The method of claims 12 or 13, characterized in that the 
adjusted target SIR value is limited not to be larger than a local maximum tar- 
get SIR value. 

10 15. A radio arrangement of transmit power control, the radio ar- 

rangement being configured to use coding blocks in communication between a 
transceiver and a receiver, and to use a target SIR (signal-to-interference ratio) 
value in transmit power control, the radio arrangement comprising decoding 
means for decoding a received coding block, measuring a SIR (signal-to- 
15 interference ratio) value and comparing means for comparing the measured 
SIR value with the target SIR value, characterized by the radio ar- 
rangement further comprising: 

means for determining the quality of the received coding block; 
storing means for storing samples of differences between the meas- 
20 ured SIR value and the target SIR value; 

adjusting means for adjusting the target SIR value based on the 
values of the samples of the differences between the measured SIR value and 
the target SIR value and the quality of the received coding block; and 

means for providing a transmit power control command based on 
25 the adjusted target SIR value. 

1 6. The radio arrangement of claim 15, characterized in that 
the adjusting means are configured to reduce the target SIR value by a prede- 
termined down step when the decoding of the received coding block succeeds 
and the difference between the measured SIR value and the SIR target value 

30 is smaller than the threshold that is defined for the measured SIR value minus 
the target SIR value for the fraction of time slots of the coding blocks. 

17. The radio arrangement of claim 15, characterized In that 
the adjusting means are configured to reduce the target SIR value by a prede- 
termined down step when the decoding of the received coding block succeeds 

35 and the sum of the multiple differences between the measured SIR value and 
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the target SIR value is smaller than the negative value threshold that is defined 
for the measured SIR value minus the target SIR value. 

18. The radio arrangement of claim 16 or 17, characterized 
in that the adjusted target SIR value is limited not to be smaller than a local 

5 minimum target SIR value. 

19. The radio arrangement of claim 15, characterized in that 
the adjusting means are configured to add a target SIR value up step to the 
target SIR value when the decoding of the received coding block fails and the 
difference between the measured SIR value and the SIR target value is 

10 smaller than the threshold that is defined for the measured SIR value minus 
the target SIR value for the fraction of time slots of the coding blocks. 

20. The radio arrangement of claim 15. characterized in that 
the adjusting means are configured to add a target SIR value up step when the 
decoding of the received coding block fails and the sum of the multiple differ- 

15 ences between the measured SIR value and the target SIR value is smaller 
than the negative value threshold that is defined for the measured SIR value 
minus the target SIR value. 

21 . The radio arrangement of claim 19 or 20, characterized 
in that the target SIR value up step is either negative, positive or zero. 

20 22. The radio arrangement of claim 15, characterized in that 

the adjusting means are configured to limit the target SIR value not to be 
smaller than a local minimum target SIR value and not to be larger than a local 
maximum target SIR value. 

23. The radio arrangement of claim 15. characterized in that 
25 the adjusting means are configured to reduce the target SIR value by a prede- 
termined target SIR down step of outer loop power control when the decoding 
of the received coding block succeeds and the difference between the meas- 
ured SIR value and the SIR target value is larger than the threshold that is de- 
fined for the measured SIR value minus the target SIR value for the fraction of 

30 the time slots. 

24. The radio arrangement of claim 15, characterized in that 
the adjusting means are configured to reduce the target SIR value by a prede- 
termined target SIR down step of outer loop power control when the decoding 
of the received coding block succeeds and the sum of the multiple differences 

35 between the measured SIR value and the target SIR value is larger than the 



26 



negative value threshold that Is defined for the measured SIR value minus the 
target SIR value. 

25. The radio arrangement of claim 23 or 24, characterized 
in that the adjusting means are configured to limit the target SIR value not to 

5 be smaller than a global minimum target SIR value. 

26. The radio arrangement of claim 15, characterized in that 
the adjusting means are configured to add a target SIR up step of outer loop 
power control to the target SIR value when the decoding of the received coding 
block fails and the difference between the measured SIR value and the SIR 

10 target value is larger than the threshold that is defined for the measured SIR 
value minus the target SIR value for the fraction of the time slots. 

27. The radio arrangement of claim 15, characterized in that 
the adjusting means are configured to add a target SIR up step of outer loop 
power control to the target SIR value when the decoding of the received coding 

15 block fails and the sum of the multiple differences between the measured SIR 
value and the target SIR value is smaller than the negative value threshold that 
is defined for the measured SIR value minus the target SIR value. 

28. The radio arrangement of claim 26 or 27. characterized 
in that the adjusting means are configured to limit the target SIR value not to 

20 be larger than a local maximum target SIR value. 
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(57) Abstract 

A radio arrangement and a transmit power control 
method in a radio system supporting a use of coding 
blocks in communication between a base station and 
user equipment, the method comprising producing a 
measured SIR (signal-to-interference ratio) value and 
comparing the measured SIR value with the target SIR 
value. According to one embodiment, the method com- 
prises the steps of determining the quality of the re- 
ceived coding blocks, storing samples of the differences 
between the . measured SIR value and the target SIR 
value, adjusting the target SIR value based on the val- 
ues of the samples of differences between the meas- 
ured SIR value and the target SIR value and the quality 
of the received coding block, and providing a transmit 
power control command based on the adjusted target 
SIR value to the user equipment. 
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